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This paper presents a new method of injection-production allocation estimation for water-ﬂooding
mature oilﬁelds. The suggested approach is based on logistic growth rate functions and several
type-curve matching methods. Using the relationship between these equations, oil production and
water injection rate as well as injection-production ratio can be easily forecasted. The calculation
procedure developed and outlined in this paper requires very few production data and is easily
implemented. Furthermore, an oilﬁeld case has been analyzed. The synthetic and ﬁeld cases vali-
date the calculation procedure, so it can be accurately used in forecasting production data, and it is
important to optimize the whole injection-production system.
Copyright © 2015, Southwest Petroleum University. Production and hosting by Elsevier B.V. on
behalf of KeAi Communications Co., Ltd. This is an open access article under the CC BY-NC-ND
license (http://creativecommons.org/licenses/by-nc-nd/4.0/).1. Introduction
Mature oilﬁelds are very important for meeting oil demand
because they produce about 70% of the total world oil production.
One of the most important problems associated with mature
oilﬁelds is high water cut, which can signiﬁcantly decrease oil
production rates. There is a need to apply new alternative tech-
nologies or approaches to extend the life of these oilﬁelds.
For water-ﬂooding oilﬁelds, determining the reasonable in-
jection-production allocation is the basis work during the oilﬁeld
development process, which has direct impact on well perfor-
mance. Currently used methods are material balance method
[1e3], water-ﬂooding curve method [4e6], multiple regression
method [7e9] and so on. This paper presents a new method for
empirically forecasting production, water injection rate and in-
jection-production ratio based on the logistic growth model and
several type-curve matching methods.troleum University.
ier on behalf of KeAi
niversity. Production and host
creativecommons.org/licenses/b2. Methodology
The speciﬁc proration-injection allocation of oilﬁelds is
divided into three steps: to determine oil production; to predict
water injection rate; to calculate injection-production ratio.2.1. Determination of production
Logistic growth curves are a family of mathematical models
used to forecast growth in numerous applications. They have
come to be used in different ﬁelds for numerous things. Studies
have shown that the logistic model equation also applies to re-
searches on oilﬁeld cumulative production. The form of the lo-
gistic equation [12] is as follows:
NP ¼
a
1þ bect (1)
where a, b and c are constants and greater than 0, which are
obtained by ﬁtting the production data. It can be inferred from
equation (1) that when t is big enough, NP equals to the recov-
erable reserve (NR) of the oilﬁeld, so constant a ¼ NR and
equation (1) can be written as:
NP ¼
NR
1þ bect (2)ing by Elsevier B.V. on behalf of KeAi Communications Co., Ltd. This is an open
y-nc-nd/4.0/).
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equation. In this case the growth is cumulative oil production
[11]. The derivative with respect to time can be taken to obtain
the rate form:
QO ¼
dNP
dt
¼ bcNRe
ct

1þ bect2 (3)
Equation (4) can be got by equation (3) divided by (2) as
follows:
QO
NP
¼ bce
ct
1þ bect (4)
The following can be obtained by combining equation (2)
with equation (4):
QO
NP
¼ c c
NR
NP (5)
It can be seen in equation (5) that a straight line can be ob-
tained by plotting QO/NP vs. NP in a rectangular coordinate sys-
tem. Parameter c can be determined by the intercept of the
straight line, and parameter NR can be determined by the slope.
Moreover, equation (2) can be transformed into the
following:
NR
NP
¼ 1þ bect (6)
For equation (6), setting the intercept ¼ 1, parameter b can be
obtained by plotting NR/NP vs. ect using the production data in a
rectangular coordinate system. Substituting NR, b and c into
equation (3), equation (7) can be used to forecast the annual oil
production:
QO ¼
bcNRect
1þ bect2 (7)
2.2. Determination of water injection rate
For water-ﬂooding oilﬁelds, the relationship between cumu-
lative water injection and cumulative oil production is as follows
[10]:
lnðwiÞ ¼ Aþ BNP (8)
A and B can be obtained by the regressions of the cumulative
water injection and cumulative oil production. And another form
of equation (8) is as follows:
Wi ¼ eAeBNP (9)
Substituting equation (2) into equation (9) and taking the
derivative with respect to t, the following equation can be got to
predict the annual water injection.
Qinj ¼ E
ect
1þ bect2e

BNR
1þbect

(10)
where, E ¼ eAbcBNR
2.3. Determination of injection-production ratio
For water-ﬂooding oilﬁelds, the relationship between cumu-
lative water production and cumulative oil production is as fol-
lows [12]:lnðWPÞ ¼ aþ bNP (11)
Also, equation (11) can be rewritten as:
WP ¼ eaebNP (12)
Substituting equation (1) into equation (12), the relationship
between cumulative water production and the reservoir devel-
opment time can be obtained as follows:
WP ¼ eaebNR=ð1þbe
ctÞ (13)
The derivative of the cumulative water production WP is the
annual water production QW. The annual water production
QW ¼ dWp/dt is:
QW ¼ F
ectebNR=ð1þbectÞ
1þ bect2 (14)
where, F ¼ bcbNRea
According to the deﬁnition of injection-production ratio:
IPR ¼ QinjBW
QO
Bo
go
þ QWBW
(15)
Substituting equation (7), (10) and (14) into equation (15), the
annual injection-production ratio in the year of t can be got as
follows:
IPR ¼ Ee
BNR=ð1þbectÞ
H þ FebNR=ð1þbectÞ (16)
where, H ¼ BobcNR/go
According to the deﬁnition of cumulative injection-produc-
tion ratio:
Rz ¼ WiBW
NP
Bo
go
þWP
(17)
Equation (2), (9) and (12) are substituted into equation (17),
equation (18) can get obtained:
Rz ¼ BWe
AeBNR=ð1þbectÞ
NR
1þbect
Bo
go
þ BWeaebNR=ð1þbectÞ
(18)
Finally, based on equation (16) and (18), the annual injection-
production ratio and the cumulative injection-production ratio
can be simulated.3. A case study
XM reservoir is a typical low permeability lithologic fault
block oil reservoir. Its M2 Block covers a development area of
7.16 km2, with reserves of 351  104 t, a mean permeability of
6.6  103 mm2, and a mean porosity of 15.2%. In addition, the
average formation temperature is 70 C, the original saturation
pressure is 3.13 MPa, the density of crude oil is 0.82 g/cm3, the
viscosity is 8.7 mPa.s and the formation volume factor is 1.056.
With the water-ﬂooding development since 1990, the reservoir
has gone through four stages: the incremental production stage
(1990e1993), the basic well pattern development stage
(1994e1996), the stable production stage (1997e2001) and the
depletion stage (2001 to present). The well pattern was adjusted
in 1998, 2001 and 2007, respectively. At present, the ﬁve-spot
Table 1
The dynamic production data for XM reservoir.
Date Qo NP QW WP Qinj Winj RZ
104 t/A 104 t 104 t/A 104 m3 104 t/A 104 m3
2007 2.3142 59.5613 5.5853 64.5343 28.3413 330.3511 2.38
2008 1.8476 61.4089 4.3379 65.8722 25.9129 356.2640 2.50
2009 1.6232 63.0321 3.8259 69.6981 23.2553 379.5192 2.56
2010 1.7309 64.7630 3.9035 73.6016 23.5175 403.0367 2.61
2011 1.7717 66.5347 3.9910 77.5926 23.3591 426.3958 2.66
2012 1.3282 67.8629 4.7244 82.3170 19.0852 445.4810 2.67
2013 0.9739 68.8368 4.5394 86.8564 16.9385 462.4195 2.68
Fig. 2. The relation curve between NR/NP and e-ct.
Fig. 3. The relation curve between Ln(wi) and NP.
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data from 2007 to 2013.
By matching the production data to equation (5) the values of
c and NR can be determined. The result is shown in Fig. 1. Based
on the result, it can be known that parameter c¼ 0.1666 andNR¼
75.73. And parameter b = 4.6574 will be obtained by matching
the production data to equation (6), the result is shown in Fig. 2.
Then the annual oil production prediction equation for M2 Block
can be obtained by substituting the related parameters into
equation (7).
Based on equation (8), plotting ln(Wi) vs. NP using the pro-
duction data(see as Fig. 3), it can be obtained that parameter A ¼
3.6881, B = 0.0356 and E = 83.61. By substituting the related
parameters into equation (10), the annual water injection can get
predicted.
According to equation (11), plotting ln(WP) vs. NP using the
production data in a rectangular coordinate system (see as
Fig. 4), a ¼ 2.2195, b ¼ 0.0323, H ¼ 71.32 and F ¼ 17.47 can be
obtained. The related parameters are substituted into equation
(16) and equation (18) respectively in order to simulate the
annual injection-production ratio and the cumulative injection-
production ratio.
Using these prediction equations, the annual water injection
rate, oil production and cumulative injection-production ratio
from 2007 to 2013 can be calculated (see as Table 2). Comparing
the prediction data with the practical oilﬁeld dynamic data, high
ﬁtting degree is found between the practical annual oil produc-
tion and the predicted annual oil production, and the same is
true of that between the practical cumulative injection-produc-
tion ratio and the predicted cumulative injection-production
ratio, while the practical water injection rate is slightly higher
than the predicted water injection rate, which probably reﬂects
water injection pipeline leakage and partial invalid water
injection.Fig. 1. The relation curve between Qo/Np and Np.4. Conclusions and suggestions
(1) As the logistic model is only applicable for water-ﬂooding
reservoir in production declining period, equation (8) and
equation (11) are suitable for reservoir after development
for one or two years. Therefore, this method is suitable for
oil ﬁeld which has entered the stage of production decline
But it has not been veriﬁed for reservoir in stable or pro-
duction increasing stage.
(2) The matching parameters have certain changes when
there is major adjustment in the reservoir. It is recom-
mended to match again or to be predicted in stages for the
precision requirements.
(3) The A-shape water-ﬂooding curve is used for matching
cumulative water production and oil production. In the
case study, the A, B, C, D commonly used water ﬂooding
curve have different ﬁtting degree and can be used
selectively.Fig. 4. The Relation curve between Ln(wp) and NP.
Table 2
Comparison between the predicted data and the practical data.
Date Development time (a) Annual oil production (104 t/a) Annual water injection (104 m3/a) Cumulative injection- production ratio
Programme Practical Programme Practical Programme Practical
2007 17 2.1308 2.3102 25.1511 28.3413 2.45 2.45
2008 18 1.9291 1.8876 24.4771 25.9129 2.51 2.50
2009 19 1.7318 1.7232 23.4523 23.2553 2.57 2.56
2010 20 1.5428 1.6309 22.1466 23.5175 2.62 2.61
2011 21 1.3652 1.3617 20.6368 23.3591 2.66 2.66
2012 22 1.2007 1.3282 18.9986 19.0852 2.69 2.67
2013 23 1.0505 0.9989 17.3009 16.9385 2.70 2.68
2014 24 0.9149 15.6026 2.71
S. Hu et al. / Petroleum 1 (2015) 27e3030(4) Prediction model used in this paper is used to predict
annually, and also can be used to predict monthly and
quarterly depending on the demand.
Nomenclature
NP(104 ton) cumulative oil production
t(year) development time
NR(104 ton) recoverable reserves
Qo(104t/a) the annual oil production
Wi(104 t/a) the cumulative water injection
Qinj(104 m3/a) the annual water injection
WP(104 ton) cumulative water production
Qw(104t/a) the annual water production
go(g/cm3) the density of crude oil
IPR the injection-production ratio in the year of t
Bw water volume factor
Bo oil volume factor
Rz cumulative injection-production ratio
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